Gas foil thrust bearings provide axial support for modern Oil-Free turbomachine rotors, reducing maintenance costs and overall system mass. Large temperature gradients can arise in these bearings due to the viscous dissipation in the gas film and the high thermal conduction resistance of the support structure, which consists of thin superalloy foils. Relatively little experimental temperature data exists for this type of bearing, due in large part to the difficulty in installation of instrumentation. In the current work, temperature gradients in the uncooled bearing are measured across a speed range from 25,000 rpm to 65,000 rpm at low to moderate loads. Bearing torque is measured to correlate temperature gradient magnitude with bearing power loss.
INTRODUCTION
In a hydrodynamic thrust bearing system, elevated fluid pressure is generated between a stationary thrust bearing and a rotating disk-shaped runner. Typical foil thrust bearings consist of an annular backing plate, to which a number of sectorshaped pads are tack welded. The pads consist of one or more underlying bump foils and a smooth top foil, between which one or more stiffener foils can be placed (Heshmat (1) ). These superalloy foils which compose the pads are designed to form an initial converging wedge with the runner, followed by a comparably flat load carrying section.
The flow field within the gas film results in non-uniform viscous dissipation throughout the bearing, which in turn gives rise to temperature gradients in the gas and structural components. Heat conduction through the thin bearing foils is limited, and large structural temperature gradients are possible within the foils, inducing significant thermal stresses and deformation.
While foil bearings are constructed of high temperature superalloys and designed to withstand operating temperatures in excess of 600 O C, the temperature distribution within the structural components can cause excessive thermal distortion. The goal of this work is to measure temperature gradients in foil thrust bearings over their operational envelope and to determine thermal limits and cooling requirements.
METHODS
While direct measurement of gas film temperatures is not achievable with the current state of the art, the bearing construction makes it possible to employ an alternate approach. The top foil is directly in contact with the gas film and therefore most closely matches the temperature distribution within the film. However, the bump foil support structure limits access to the top foil, so a thermocouple attached to the bump foil is a more reasonable alternative for indirect measurement.
This approach was used by Radil and Zeszotek to measure foil temperatures in compliant journal bearings in this way. They routed a thermocouple through an access hole in the bearing shell and tack-welded the junction to the backside of the bump foil at a point where it was in immediate contact with the top foil. However, in this work high thermal conductivity epoxy is substituted for tack welds in order to minimize local foil distortion. Figure 1 shows the general method of attaching the thermocouple to the foil structure.
Testing of the bearings is performed on a high speed test rig described by Hryniewicz et al (3) . Three thermocouples are mounted in a test bearing near the trailing edge of a single pad at different radial locations, as shown in Fig. 2 . Testing is commenced by bringing the runner to the desired test speed and applying a light load. Speed and load are held steady for a period of ten minutes to allow temperature gradients to This testing is performed using an Inconel 718 thrust runner coated with a 250 µm thick plasma-sprayed PS304 (4) solid lubricant coating. The as-ground surface of this coating has a rougher surface than is desirable for maximum load capacity (5), so the loads achieved in this testing are somewhat lower than the bearing capabilities. Furthermore, the absence of cooling further reduces the bearing load capacity.
RESULTS AND CONCLUSION
The test bearing is run at speeds of 25, 35, 45, 55, and 65 krpm, which represents nearly the full speed range of engineering interest for the bearing design. As load and heat generation increase, so do the temperature gradients. It is found that the temperature profile across the three thermocouples is approximately linear, such that the measured temperature gradient between any two thermocouples is the same as any other combination. Where these gradients are plotted in Fig 3, data from the innermost and outermost thermocouples is used.
It can be seen that viscous dissipation of only a few hundred watts can result in temperature gradients in excess of 2.5 o C/mm. At higher speeds, only relatively light loads were applied in order to avoid increasing the temperature gradients beyond this point, which could risk damage to the bearing. Also, for a given amount of viscous heat generation, temperature gradients are reduced with increased speed. Since convective heat transfer from the exposed runner surface is enhanced by increased rotational speed, this suggests a strong dependence of foil thermal gradients on the runner convective heat transfer.
While only light to moderate loads have been applied to the bearing in this testing, trends indicate that rather large temperature gradients can exist in uncooled foil thrust bearings. This data is helpful in designing efficient cooling methods to maintain thermal stresses and distortion below safe limits throughout the range of speeds and loads required in an OilFree turbomachine. 
